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(57) Abstract: 

PURPOSE: To improve the resolution exceeding the 
diffraction limit by emitting the light from a light 
source to a mask, diffracting the pattern of the mask, 
diffracting the diffracted light through a projection 
optical system, and reproducing the pattern on a sample 
to be exposed. 

CONSTITUTION: A mask 1 is inserted between a 
projection optical system 2 and diffraction gratings A, 
B ( and a diffraction grating C is inserted between the 
system 2 and a wafer 4. In this case, the gratings A, B, 
C are simultaneously phase gratings. The light R 
perpendicularly incident to the mask 1 is diffracted to 
zero order diffracted light R0, + primary diffraction 
light R1 and - primary diffracted light RV on the mask 
surface. The light R0 arrives at a point AO on the 
grating A, and the light diffracted in the - primary 
direction is diffracted to + primary direction at the 
point B0 on the grating B. Thereafter, it is diffracted 
at the point CO on the grating C via the left end of the 
pupil 3 in ± primary direction, and arrived at two points 
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^fAU/c 0 >liffi3 O O fimmmi mm (DC 

Si KfkK^li, ^co^SBi flFaEL/j!V^tt»4:aiBU 
fc##>fltfStfSi 8 0 ^-TixS J: 9 f-^^UTCo ^ ixbco 

Ufc 0 X. ^*^0>J&9Ift¥3Rl 0 7 flJtC, *S1 .2 m 
m, R^i = 4 mm(Ol^-y$rtf^gTO^|gi 

-(B!ia^«^«i o 6 ±<nm3t'<*-zsk&'iS:kt£Z>± 
y tcgs^u 7b 0 

[oo44] mm^m 0 3 ^©co&ia^tT)^^, 
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4 'l>? -10 9 ^^Tt^^iiilUlfAU fc 0 ^ c 
X*. ifc^iiiE^ yl^-1 0 9 li. ^JcJblElPltlTm^ 

^MiE7-f yu^-l^ v^ttfe £**lnrc. /^cofe® 

^o{4g$r tfaob x-th& mmto&mz&ttr* z£& 

hftte^tzo x'r—i/fflffl^l 1 0 J*, -^^^ ^ 
100t ")x/n-Xt-v?1 0 4$:. #*4 : 1 (Di^ 

[0045] ±mm^tmm^m^^x. mmm^m^h 

w±(s ) = w u ±(s )H-ws ±(s ) 

wu ±(s ) = Cih i+C 2 (s i)h 2 + Csh 5 + Ceh 6 

WS ±(S ) = C3h3 + C4h4 

C i=tan[(s±so)/M]/M. C 2=tan[±(si/n)-(s±so)/(nM)]/M 
C3 = tan[s/M]/M. C4 = tan(s). 
C 5=tan[(s±so)/n] N Ce=tan(s±so) 

s nx\fotef$.ft$:%t-to tab. s o = NA. s 1=A/P 

A-C-£>3 0 s o( NA) . «/hffi«M, ^W^T^S^^S 

#T^n iiv-x^^owcofst -rat , ±^;ii7 ^>(omm 

1^7^-^, hi( i -1-6) &t>*s i£^£j> 0 -tc 
T% wu ±(s ws ±(s i~-< 

[ 0 0 4 9] 
I *1 ] 



±Effi»*^fl!>is»i*iaf)( x 2fr6]) j^u-cjgjWM 

tt*B'>7 V -+^9 0 n m ( J^.^l 8 0 n 

m) (DUis^t* s<?—lstfmf$.X%tc 0 —Jj. ±lE^"[o] 

Sr/B^T^t&l 4 0 n m ( J^#J2 8 0 n m) fg^Tr&o 

^ /i^— £9 0 ffl^LT^^^^ri^LTl/y^ 

h^-y^mfct:^ x *fa£ y ^i^-rs 

[ 0 0 4 6 ] fc*3 s _h^HJ^0«J*±, 7fc^<7>*iU N 

nt iHi^Tts^t mjf<* -> ojsmh ^e&e 

[ 004 7 ] ( H*£^J2 ) Wc. teJ^T-^A^f^ MR 

-To ®i o to^^^tcioVNT, o, i immfe^&m 

ilAl'^^^^^^i^Is hi( i =1 

-6) nmtp<DmM&^-fo mvife+A^ b. c^x 
^^-iCJioig^^^-vii^its^Ji i5j^a^^r^tso 

x ±<nmm$;^-fz> itm^y$-rz> m^m^ ±(s ^ 

[ 0 0 4 8] 



^1 



NA 


0.1 


0.2 


0.3 


0.4 


Ynfhs 


17^352 


16.167 


14.263 


11.343 


hzJhs 


0,529 


0.995 


1.343 


1.507 


ha/hs 


24414 


22.800 


20.137 


14.819 


h4/hs 


0.368 


0.465 


0.652 


0.920 


he/hs 


0.01 


0.01 


0.01 


0.01 


SI 


1.225 


1.259 


1.300 


1.349 


Wmax(s) 


5x1 0" 9 


3x10" 7 


4x1 0" 6 


5x1 0" 6 


wJU(s) 


1x10" 12 


1x1 0~ 9 


2x10 " 7 


1x10" 5 



w^(s) = max[w+(s) - w-(s}] 
si = n X /PA 
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[ 00 50 ] 3tfrC> KL, N A =0 .4 (C^oV^ 

[ 0 0 5 1 ] ( HJfc0«j3 ) H*£#Jl fc^LfcSft 

^g^rfflV^T, 0. 1 /j mtxlf/l- — /bCODR A M£r fEfrfc 
Ufc0«J^ov^-C^-<5 o H!l 1 _bie^<-fxcDfE§g 

[ 0 0 5 2 ] £i\ *^*?( Hl^rT) ^^fiJcUfcS 

1 ffi2 0 1 llCT-f y l^— >a >2 0 2 ^W-h 2 

o 3 zmfovtci mi i a ) 0 7^yi/-> 3 v&r/y 

[ 0 0 5 3 ] JfclC 3r^<->^— 2 0 4 &t/=r h 
/U2 o 5 Srfl2/£Ufc< 01 lb) e * — 

^> ^i m&&2 o 6 % ^/i — yK m^-fr^n . 

2 ^gSi&2 0 7 £B/&L/c( Bl 1 c ) . »1 JIIE^ 
(0. 1 /imL/S) ^^M{i£+S^^h -^X^^r ^ 

b. ££>lc~;h,£:9 0 ^S^ii-T^mii^^tTofc. 
^<T>t^. I^H#(CiiX^jE7^ -109t leJtfrteT- 
t t h t^9 0 ^[eJSte£ tt 0 w ixtci: 19 , Wtm<DW)Jj&\ 
J-lK^Eilft^UT^ttflFttJteL^O . l^mL/ 
S^r?FMX*t^ 0 */l — /K^Mliny^^ h * — 

0. 2 /i m^—yuX'^ft^ixT^^ , *$gey1£fflv^^ 

[ 0 0 5 4 ] ( Ht£f*j4 ) ^^OSU(7)^(5iJ«b 
It, *$g^£5^fr*§ilSK DFB) u-V—toMmz. 

mm\^t^m^^^x^^ a m^tmm^it^ nao. 5 

OAr F^#V^u--!f«|/hftj^S^B«r|lt£(5iJi |^ 
^rffl^TMLT^fc^l 4 0 n m^IeJtfTte^-S: . ^ 



tz 0 ~tuz.±y^ m*&ftw&%f£m\<-xrmirtzh<D 

[ 0 0 5 5 ) 
[ 0 0 5 6 ] 

[ l^ffiofsw^ift^] 

[ mi ] *&m\z£z—ft¥m<Df&m<Dmm&&to*¥& 
[ H!2 j #«¥^7t^^J:6^^^^^-rm^:m 
[ m3 ] *&mz&%—ft^mz{tLi®^-7h -^^xi* 

[ 1215 ] *36W«rJ;5-3t^^-SB^i:»3t*feW- 
[ me ] ^^(^J;a-7t^^#^^i-m5tmT^ 

a„ 

^^^^m^m-efca 0 
^^^mitmx^ac 

[ mo] *mm<v-nmmtz±zmftmm<Dmf&&fF-r 
m*mx3bz> 0 

[ mi o ] *mw<oy\(Dmfem<n&&&^mxhz> 0 
[ mi i ] *nm*>WDnit&miz* z> ^< * 

[ ^F^lfe^] 

1 2 • -S^Tt^^. 3 --Bt. 4 
5.20 - .6.29 A . B . C • 
■7\ R - -7t. R0, RO' • -0 ^0^f7t. R1/R+, 
R 1 * • -+ 1 ^leltFf^:. R 1 \ R 1 ^(E]^7t. 



(11) 



¥fffl¥-8 -316125 



AO, Al • -®^te-^A_htf>/5L BO, Bl "Sl^TfS^ 
B±<Dfi^ CO , CI „ CI ■m&rfe+C±<D&. 

q . p > q ' -mm±<o&. 2 1 •vt&m&mT*? . 

2 2 -ft, 2 3 2 4 —m. 2 5 -f£®, 

2 6 •• -^^S{ite>7 h % 2 7 -.-^^[5J#T*;tf> 

O ^Tfe. 2 8 -- + 1 5 1 - 5 2 — 

^.5 3 •• O- - ^Xi?±<Dfi^ Xu Yi, Z 

i-EWHM-AJkO^ X2. Y2, Z2~ imffife^-B±<D 
X3. Y3. Z3- mm^C±<DjS s I --{g»®±<7> 

m^ 




fiL, 10 0— 7^^^f-y\ 10 1-^^ 102 
1 0 3 -»9W3efiu 1 O 4 - r>^N- 
^T 1 — >*( ,10 5 -!)xa- 10 6 —39! 

1 o 7 -j&9i%4fca!» i o 8 - mw^&, i 

0 9 -ifc^ftlE:^ , 1 1 0 —X J 7—?m&3k* 

2 0 1 - -S i StS, 2 0 2 -7>fyi/-v'3 V, 2 0 3 
• h „ 2 0 4 "4t^/7- 2 0 5 -3>^^h 

2 0 6 -3gl m&m. 2 0 7 -|g2 JIIB^ 0 



[ m2 ] 



132 
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